The Agency for Toxic Substances and Disease Registry (ATSDR) used a cross-sectional study to compare the serum dioxin toxic equivalent (TEQ) levels of a population-based representative sample of Calcasieu Parish residents aged 15 years and older to a similar group of residents of Lafayette Parish with less industrial facilities. Serum dioxins consisted of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and dioxin-like polychlorinated biphenyls. Overall, the mean and distribution of serum dioxin TEQ level in residents of both parishes were similar by age groups (15-29 years, 30-44 years, 45-59 years, and 60 year and older). When the Calcasieu Parish area was further divided based on distance to three industrial areas, the mean dioxin TEQ levels were similar. Serum dioxin TEQ levels in residents of both parishes increased with age. Calcasieu Parish residents who reported having eaten locally caught fish, smoked cigarettes, worked in an occupation with potential exposure, or used pesticides had dioxin levels similar to Lafayette Parish residents who reported these activities. African Americans had higher dioxin levels than Caucasians in Lafayette Parish and both races in Calcasieu Parish. The congener profiles were similar in residents of both parishes. When the combined Calcasieu and Lafayette Parish data were compared by age group to the National Health and Nutrition Examination Survey (NHANES) 2001-2002 data, the geometric means for the dioxin levels in the combined Parish data set were significantly lower than the NHANES data in all age groups (all P-values o0.0001), except the oldest age group where the significance level is marginal (P ¼ 0.067). The various percentiles of the youngest age group of the combined parish data were also significantly lower than those in NHANES. Since the combined parish dioxin levels were below a representative sampling of the US population, there is no increase in serum dioxin concentrations in both the parishes.
Introduction
Calcasieu Parish, Louisiana became highly industrialized after the discovery of petroleum and gas reserves in the 1920s. Calcasieu Parish contains a large number of petrochemical and agrochemical manufacturing and processing plants. These plants produce chemicals such as chlorinated hydrocarbon solvents, vinyl chloride monomer, petroleum-based chemicals, and commercial feedstock (USEPA, 2003) . In 2000, 31 Calcasieu Parish industries reported releases of 14,450,855 pounds of environmental contaminants to the US Environmental Protection Agency (USEPA, 2000) Toxic Release Inventory, which included 6.92 pounds of dioxin and dioxin-like compounds.
Community members in Calcasieu Parish were concerned that they were being exposed to unusual levels of dioxin. Several earlier investigations by ATSDR (1998a ATSDR ( , 1999 found higher dioxin levels in some people in Calcasieu Parish than in a reference group believed to be unexposed. Participants in the earlier investigations were self-selected and, in the case of the Mossville study (Orloff et al., 2001) , there was a bias toward older participants because of the belief that if there were exposure, it would be more pronounced in an older population. Results were not compared by age, and monoortho polychlorinated biphenyl (PCB) was not included in the investigation. Further investigation was necessary to determine if the dioxin levels found in the exposure investigation were representative of other Calcasieu Parish residents.
As a follow-up to these previous investigations, in 2002, ATSDR conducted a study to determine whether the serum dioxin levels in Calcasieu Parish residents aged 15 years and older were elevated comparing to the population of Lafayette Parish, Louisiana, a parish with similar demographics but with significantly less industry. In this paper, we also compare the parish data to national representative data to examine for a regional difference in serum dioxin level.
Methods

Target and Control Area
A cross-sectional design was used to compare the serum dioxin levels of a population-based representative sample of Calcasieu Parish residents aged 15 years and older to those of a similar group of Lafayette Parish residents. The target area was chosen to encompass those areas that were in closest proximity to facilities reporting releases of chemicals to EPA's Toxic Release Inventory (EPA, 2000) , as well as to have the greatest population density, and divided into three areas with increasing distance to industry. The target areas were identified and geographically defined by census blocks using 2000 census data and Geographic Information Systems (GIS). Three target areas were identified in Calcasieu Parish: the industrial corridor, a 3 by 6-mile area surrounding industry near the Calcasieu estuary; the industrial buffer, an additional 1.5 miles buffer around the industrial corridor; and the outer ring F the cities of Vinton, Dequincy, and Iowa approximately 6 miles northwest, west, and east of the industrial corridor (Figure 1 ). Residents living in Lafayette Parish, Louisiana were used as the comparison group, both in terms of serum toxic equivalent (TEQ) levels and individual dioxin congener patterns. Lafayette Parish, Louisiana was chosen as the comparison population, because it is demographically and geographically similar to Calcasieu Parish and has much less chemical facilities. Further details of the study design are documented in Serum Dioxin Levels in Residents of Calcasieu Parish, Louisiana (ATSDR, 2005).
Participants
Population-based multistage cluster sampling stratified by four age groups (15-29, 30-44, 45-59 , and 60 þ years old) was conducted using Geographic Information Systems (GIS) 2000 Census data and a door-to-door household enumeration. The young age group was used as an indicator of the recent high dioxin exposure. Study participants were aged 15 years or older at the time of the interview and had lived in the Parish for 5 years; for Lafayette Parish, participants had never lived in Calcasieu Parish. Calcasieu and Lafayette parishes are similar in total population (183,577 and 190,503) ; percentage of Caucasian (73.6 and 73.4), percentage of African American (24.0 and 23.8), percentage under the age 18 (27.3 and 27.4), percentage at ages 65 through 84 (10.3 and 7.8), percentage at ages 85 and older (1.0 for both), and percentage of individuals living below the poverty level (16.5 and 15.8) . Residents of these two parishes have similar lifestyles and diet on the basis of their income and demographic from US Census 2000, a known pathway for dioxin exposure. Participants had to weigh at least 95 pounds, could not have lost more than 15 pounds in the previous year, were not suffering from hemophilia or any other bleeding disorders, and had not had chemotherapy in the 4 weeks prior to the date of specimen collection. Women were excluded if they were pregnant or had breast-fed a child in the past 6 months.
Laboratory Analysis
After verifying eligibility, interviewers collected information regarding known or potential occupational exposure to dioxin, the use of pesticides around the home, and consumption of locally caught or raised fish, game, meat, and fruits and vegetables. In May 2002, we collected blood specimens from 417 participants, 297 people in Calcasieu Parish and 120 people in Lafayette Parish. A phlebotomist collected a 60-ml venous blood specimen (50 ml for dioxin analysis and 10 ml for VOC analysis) from eligible participants at a clinic in each parish. Only about 20 ml was transferred to the dioxin laboratory. Owing to the varied skill of phlebotomist, we have varying samples volume. The Division of Laboratory Sciences (DLS), National Center for Environmental Health (NCEH) at the Centers for Disease Control and Prevention (CDC) measured serum levels of 23 dioxin-like chemicals: seven polychlorinated dibenzo-p-dioxins (PCDDs), seven polychlorinated dibenzofurans (PCDFs), and nine PCBs, including four coplanar PCBs (cPCBs) and six mono-ortho chlorinated PCBs (mono-ortho PCBs) by high-resolution gas chromatography/ isotope-dilution high-resolution mass spectrometry (Patterson et al., 1987 (Patterson et al., , 1991 Turner et al., 1997) . Data were reviewed according to comprehensive quality assurance and quality control procedures. Serum dioxin TEQ concentrations, based on the World Health Organization's dioxin toxic equivalency factors (Van den Berg et al., 1998) , were reported on both a whole-weight and a lipid-adjusted basis.
The congener patterns between the two parishes were evaluated by calculating the average percentage contribution of each congener to the total TEQ across all subjects by parish. Mean percentage contributions for each chemical class to the total TEQ by parish were also compared. While the exact limit of detection (LOD) for each congener varied primarily because of differences in sample volumes, the LOD was generally in the low p.p.t. For the calculation of the means, those congeners with concentrations less than the LOD were assigned a value equal to the LOD divided by square of 2 (Hornung and Reed, 1990) . Thirty-one samples were discarded for various reasons including insufficient data and not meeting the QA/QC criteria for dioxin measurements. Thus, the final data set included 386 participants, 273 people in Calcasieu and 113 people in Lafayette.
Statistical Analysis
To compare the distribution of serum dioxin in Calcasieu and Lafayette Parish residents, we used Kolmogorov-Smirnov test to evaluate whether their distributional empirical density function (EDF) were different. We compared the geometric mean by parish using weighted t-test between the two parishes by age group. We also compared the fiftieth, seventy-fifth, ninetieth, and ninety-fifth percentiles between the two parishes by age group by examining whether the confidence intervals were overlapped or not, although we recognized that this was a more conservative method to reject the null hypothesis (Schenker and Gentleman, 2001) .
Demographic characteristics of the study participants by parish were compared by sex, race, age, length of residency, food consumption patterns, occupation, pesticide usage, smoking, and distance from industry using a w 2 -test. Results are considered statistically significant if the P-value is less than or equal to 0.05. Differences are noted only if they are statistically significant.
Population weighted estimates for means and standard error (SE) of several variables were produced using SUDAAN procedures (Shah et al., 2001 ). t-Tests were also used to compare means among categories of sex, age, race, consumption of locally caught fish (ever), consumption of locally caught fish (previous year), year moved into the parish, occupational exposure to dioxin, usage of pesticide, ever smoker, and currently smoker. The adjusted Wald test using PROC REGRESS was used to compare weighted TEQ mean levels between the three target areas: industrial corridor, industrial buffer, and outer ring. Each target area was also compared with the comparison area.
Weighted univariate regression analysis was conducted to examine the association between logarithmic serum dioxin TEQ levels on the log scale and age of the participants; year first lived in parish, fish consumption, sex, smoking, race, potential occupational exposure, and individual pesticide usage. Analyses were performed using techniques that incorporated sampling weights and design features of the study.
Linear weighted multiple regression analysis was conducted with parish residence as the main exposure variable in the model and adjusted Wald F-tests was used to compare mean logarithmic serum dioxin TEQ levels among the variables examined in the univariate analysis. All regression analyses were performed after adjustment for all other variables.
Because race remained significant in the final reduced model, stratified univariate and multiple regression analysis by race were performed to examine the association between the TEQ levels and all the other covariates.
Additionally, community members were concerned that the use of a Louisiana comparison group might mask a regional increase in dioxin levels. To see if this might be true, we compared the means and the percentiles of the dioxin TEQ levels from the combined Louisiana data with that of a representative sample of the United States as determined from the National Health and Nutrition Examination Surveys, 2001 -2002 (NHANES, 2001 -2002 (NCHS, 2005a) F the same year when blood was drawn for participants of this study. In order for the data to be comparable, we calculated the TEQ levels of NHANES 2001-2002 data by summing the same 23 congeners as in the Louisiana data after excluding anyone who has any congeners not reported. We then derived the geometric means and fiftieth, seventy-fifth, ninetieth, and ninety-fifth percentile estimates and their confidence intervals (Korn and Graubard, 1998) for both the combined parish data and NHANES data. For this comparison, for those congeners with concentrations less than the LOD in the combined parish data, we assigned a value equal to the LOD divided by square root of 2 (LOD/sqrt(2)) (Hornung and Reed, 1990) .
We compared the geometric means of the combined data and NHANES data by age group using t-test by taking the difference of the two geometric means divided by the pooled SE with the total degrees of freedom calculated as the sum of the degree of freedom of each geometric mean in each population. We also compared the various percentiles by age group using confidence interval overlapping method.
This study was approved by the Institutional Review Board of Centers for Disease Control and Prevention.
Results
The congener patterns in terms of the percentage contributions of each congener to the total TEQ levels were very similar in the two parishes (Figure 2 ). The mean percentage contributions of each of the four classes of chemical to the total TEQ levels were also identical in the two parishes (PCDDs ¼ 53%, PCDFs ¼ 19%, cPCBs ¼ 8%, and monoortho PCBs ¼ 20%). The seven congeners (''Big 7'') (2, 3, 7, 1, 2, 3, 7, 1, 2, 3, 6, 7, 2, 3, 4, 7, PCB126 , PCB118, and PCB156) noted by Needham et al. (2005) to generally account for 80%-90% of the total TEQ, accounted for 82% of the total TEQ in the combined parish data. Among the 386 participants, fractions of congeners with concentrations above the LOD are shown in Figure 3 , and the fraction of congeners not reportable (o2%) are not shown. For 2,3,7,8-TCDD, 33% of the Calcasieu participants and 54% of the Lafayette participants had detectable levels, while for 1,2,3,7,8-PeCDD, 61% of the 2 3 7 8 F 1 2 3 7 8 F 2 3 4 7 8 F 1 2 3 4 7 8 F 1 2 3 6 7 8 F 1 2 3 7 8 9 F 2 3 4 6 7 8 F P C B 1 0 5 P C B 1 1 8 P C B 1 5 6 P C B 1 5 7 P C B 1 6 7 P C B 1 8 9 P C B 1 2 6 P C B 8 1 P C B 1 6 9
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Calcasieu Lafayette Figure 2 . Mean percentage congener contribution to total TEQ in Calcasieu and Lafayette parishes, Louisiana.
Calcasieu participants and 73% of the Lafayette participants had detectable levels ( Figure 3) . The mean serum volume of the 386 participants was 15.5 ml. Participants in the two parishes were very similar in most characteristics (Table 1) . Calcasieu participants had significant greater potential occupational exposures to dioxin (P ¼ 0.03) and ate locally caught fish (P ¼ 0.01). A greater proportion of participants who lived in Lafayette had moved into the Parish since 1981 (P ¼ 0.09) and who lived in Calcasieu reported ever smoking (P ¼ 0.09).
Dioxin TEQ levels ranged from 2.6 to 113.8 p.p.t. in Calcasieu Parish and 2.6-165.6 p.p.t. in Lafayette Parish. For Calcasieu Parish, the geometric mean (SE) is 18.7 (1.4), while for Lafayette Parish, the geometric mean (SE) is 19.6 (1.8), and the difference of the two geometric means was not statistically significantly different (P ¼ 0.71) ( Table 2 ). The Kolmogorov-Smirnov test showed no significant difference of the distributional EDF between Calcasieu and Lafayette parishes (P ¼ 0.3858). The fiftieth, seventy-fifth, and ninetieth percentiles of the serum dioxin TEQ levels were very similar between the two parishes ( Figure 4) . Results of the ninety-fifth percentile for all age groups were not shown because there were insufficient numbers of observations. When Calcasieu Parish was divided into three areas (industrial corridor, industrial buffer, and outer ring), the mean dioxin TEQ levels were similar to each other. When stratified by age, the mean dioxin TEQ levels in both parishes were similar. No differences in mean dioxin TEQ levels were found between Calcasieu and Lafayette by sex. Mean dioxin TEQ levels were similar for Caucasians in both parishes. No difference was found between Caucasians and African Americans in Calcasieu Parish. African Americans in Lafayette Parish showed significantly higher mean serum TEQ levels than Caucasians in Lafayette Parish and both African Americans and Caucasians in Calcasieu Parish (Table 2) . Dioxin TEQ levels increased with age in both parishes.
A larger percentage of Calcasieu Parish residents (88%) ever ate locally caught fish compared to the residents of Lafayette Parish (52%). A comparison of Calcasieu and Lafayette Parish residents who ever ate and who never ate locally caught fish showed similar mean dioxin TEQ levels. Within each parish, residents who ever ate and who never ate locally caught fish had similar dioxin TEQ levels. Persons from both parishes who ate locally caught fish in the previous year had similar mean dioxin TEQ levels.
Dioxin levels increased with length of residence and were similar for both parishes when stratified by length of residence. Dioxin levels were similar in both parishes between those who had ever and who had never worked in an occupation with potential dioxin exposure and between those who did and did not use pesticides around their homes. Mean dioxin TEQ levels were similar between persons in both parishes who ever and who never smoked. 2 3 7 8 F 1 2 3 7 8 F 2 3 4 7 8 F 1 2 3 4 7 8 F 1 2 3 6 7 8 F 1 2 3 7 8 9 F 2 3 4 6 7 8 F P C B 1 0 5 P C B 1 1 8 P C B 1 5 6 P C B 1 5 7 P C B 1 6 7 P C B 1 8 9 P C B 1 6 9 3 3 4 4 5 5 P P C B 1 2 6 3 3 4 4 5 P P C B 8 1 3 4 4 5 P
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Calcasieu Lafayette Figure 3 . Fraction of samples above the detection limit for the 14 PCDD/F and 9 PCB congeners by Calcasieu and Lafayette parishes.
Serum dioxin levels in residents of Calcasieu and Lafayette
In weighted simple regression analysis, age of the participants and year first lived in parish were independently significantly correlated with serum dioxin TEQ level (Po0.001). Age of the participants explained about 59% of the variation independently, while year first lived in parish explained about 29% of the total variation. Parish residence was not significantly correlated with TEQ serum levels. Using weighted multiple linear regression analysis for parish as the main exposure variable, controlling for all other variables, parish was not significantly correlated with TEQ serum levels. In the final model, it was observed that age of the participants, race, and year first lived in parish were significant covariates (Table 3) . The multiple regression model explained about 64% of the total variation.
We conducted separate multiple regression analyses for African Americans and Caucasians. In the weighted multivariate regression analysis among African Americans, the difference of serum TEQ levels between parishes was significant (i.e., dioxin TEQ was higher in Lafayette than Calcasieu) after controlling for all other variables. Finally, we found that age of participants, year first lived in parish, potential occupational exposure, and the interaction between occupational exposure and parishes were significant covariates in the final African-American-only model. This model explained about 81% of the total variation in serum dioxin TEQ levels for African Americans.
In the multiple regression analysis for Caucasians, the difference of serum dioxin TEQ levels between parishes was not statistically significant after controlling for all other variables. Moreover, we found that age of the participants, year first lived in Parish, fish consumption, and potential occupational exposure were significant covariates in the final Caucasian-only model. This model explained about 58% of the total variation in serum dioxin TEQ levels.
Because serum dioxin levels were similar in Lafayette and Calcasieu parishes, the two parishes serum dioxin data were combined and compared to NHANES 2000-2001 data in the United States by age groups. The geometric means (SE) for the combined parish data were 8.69 (0.50), 17.03 (0.81), 23.70 (1.28), and 42.42 (3.45) for ages 20-29, 30-44, 45-59 , and 60 years old and over, respectively, whereas the geometric means (SE) for NHANES data were 17.33 (0.72), 21.25 (0.51), 28.08 (1.64), and 44.98 (1.94) for the four age groups, respectively. The geometric means for the dioxin levels in the combined parish data set were significantly lower than NHANES data in all age groups (P-values for all three age groups are o0.0001) except for the oldest age group, where the significance was marginal (P-value ¼ 0.067). Additionally, the fiftieth, seventy-fifth, ninetieth, and ninety-fifth percentiles of the youngest age group and the ninetieth percentile for 45-59 years old group of the combined parish data were also significantly lower than those of NHANES data, whereas the various percentiles for the other age groups did not appear to differ substantially as suggested by overlapping confidence interval (Table 4) .
Discussion
This cross-sectional, population-based study was designed to determine if serum dioxin TEQ levels in Calcasieu Parish The bold type means it is statistically significant with the P-value o0.05.
residents were elevated relative to Lafayette Parish, a parish with residents that have similar demographics and less industrial activity. Study findings indicate that dioxin TEQ levels are similar in both parishes and when both parishes are combined, the dioxin TEQ level among the youngest age is significantly lower than a US representative samples that were collected during the same year. When stratified by sex, age, fish consumption, residency, occupational exposure, pesticide use, and smoking, Calcasieu and Lafayette Parish residents had similar dioxin TEQ levels. (Needham et al., 2005) . However, there is no significant difference in mean dioxin TEQ levels between African Americans and Caucasians in Calcasieu Parish. The person with highest serum dioxin level (TEQ ¼ 165) was an African American from Lafayette; however, after excluding this person, the significant difference of higher levels in African Americans in Lafayette Parish remained. African Americans in Lafayette Parish tended to be of older ages than the other groups. The mean age for African American in Lafayette Parish is 50.7-year old, while the mean age for Caucasian is 41.4-year old; and the mean age for Caucasian and African American for Calcasieu are 45.4 and 44.8 years old, respectively. When the multiple regression model was stratified by parish, we found that the race effect was significant in Lafayette, but not in Calcasieu. Further study on the effect of race is needed. Serum dioxin TEQ levels increased with age in both parishes, which is consistent with the other studies findings of Kang et al. (1997) , Falk et al. (1999) , Bates et al. (2004) , Patterson et al. (2004), and Ferriby et al. (2007) . Multiple regression also showed that age is the greatest factor in increased dioxin level. Although length of residence and age are correlated (Pearson correlation ¼ 0.51, Po0.001), when the regression model was adjusted by age, length of residence remains to be significant in the final model.
Although the earlier ATSDR Mossville study showed that there were higher dioxin levels in the participants than in a reference group, the Mossville study recruited 28 participants who were self-selected, and the demographics of this sample shows that they were older than the Calcasieu or Lafayette participants, while this study recruited a representative sample of Calcasieu and Lafayette Parish residents with all age ranges. We compared the Calcasieu and Lafayette Parish combined data to the NHANES 2001-2002, stratified by the age categories used in this study. The comparison of the combined Calcasieu and Lafayette data to NHANES 2001-2002 data indicate that the combined parish dioxin levels are significantly lower than NHANES data among the youngest age group. Since release from industrial sources have decreased approximately 80% since the 1980 and PCB was banned in the 1979s, dioxin levels in participants 20-29 years of age can serve as indicator of recent dioxin exposure. Additionally, we also compared the geometric means of ''Big 7'' congeners that contribute more than 80% to the TEQ by four age groups without exclusion. Among the 20-29 years old, there are only two congeners (PCB126 and 123678D); both with detection frequency above 60%, and their geometric means are similar (data not shown here). The finding that people aged 20-29 years in combined parishes had serum dioxin TEQ levels lower than the NHANES background data indicates that people in Calcasieu Parish were not being unduly exposed to dioxin.
We employed a population-based sample, an unexposed population-based comparison population, and a large sample size, which allowed for stratification by age and proximity to industry. Information was collected on individual characteristics of the participants including age, consumption of locally caught and raised food, potential occupational and environmental exposure, geographic location, and individual congener data for each participant. These data allow for multiple follow-up analyses and activities.
This study was not designed to identify unique exposures at the individual level. Some factors that might be related to higher individual dioxin levels include an unusual past exposure, weight loss or difference in body mass index, illness, different food consumption patterns, or individual differences in uptake and elimination of dioxins. Further study of individuals with higher blood dioxin levels would be necessary to determine which specific factors were associated with higher than background levels.
One limitation of the study was that 88% of the samples had less than 20 ml of serum available for dioxin analysis. A larger quantity of serum would have resulted in lower detection limits, and thus, there would have been fewer congeners with concentrations less than the LOD. Although we estimated the results for congeners with concentrations less than the LOD by using a recognized method of substituting square root of 2 of the LODs, fewer nondetectable results would have given a more precise determination of each congener level and of the TEQs for each individual.
The study asked about the consumption of locally caught or raised food only; additional questions regarding consumption of all food sources would have allowed for more detailed analysis. The EPA estimated that more than 90% of the dioxin in humans comes from food sources, especially meat, fish, and dairy products. Therefore, this study could not identify any factors in overall food consumption, which might have resulted in higher dioxin levels in some participants. 
